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The ability of exercise-induced myocardial hypoperfu•
sion on thallium scintigr~phy to predict coronary events 
was assessed in 1,689 patients with symptoms suggestive 
of coronary artery disease but without prior myocardial 
infarction or coronary artery bypass surgery. A total of 
74 patients had a coronary event in the year after testing 
(12 cardiac deaths, 20 nonfatal infarctions and 42 re•
ferrals for bypass surgery more than 60 days after test•
ing). Stepwise logistic regression identified only three 
independent predictors: the number of myocardial re•
gions with reversible hypoperfusion (an index of the ex•
tent of hypoperfusion), the maximal magnitude of hy•
poperfusion (an index of the severity of hypoperfusion) 
and the achieved heart rate (an index of exercise per•
formance). Bot .. extent and severity were exponentially 
correlated with event rate (r > 0.97 and p < 0.01 for 
The diagnostic accuracy of exercise myocardial perfusion 
scintigraphy relative to coronary artery disease is well es•
tablished. In contrast, only three clinical studies support the 
use of this test for prognostic assessment, and these three 
studies are not comparable (1-3). Despite the limited evi•
dence, however, perfusion scintigraphy is being used with 
increasing frequency to predict clinical outcome and to di•
rect management decisions. A patient with moderate hy•
poperfusion, for instance, is judged to be at higher risk than 
one with mild hypoperfusion, whereas a patient with a single 
region of hypoperfusion is considered to be at lower risk 
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each), whereas achieved heart rate was linearly con'e•
lated with event rate (r = 0.79 and p < 0.05). 
On the basis of these data, a prognostic model was 
defined that employs extent and severity as stress-de•
pendent orthogonal variables. Using this model, the pre•
dicted coronary event rate ranged over two orders of 
magnitude-from a low of 0.4% in patients able to ex•
ercise adequately without developing hypo perfusion, to 
a high of 78 % in patients developing severe and extensive 
hypoperfusion at a low heart rate «85% of their max•
imal predicted heart rat~). Extent and severity of myo•
cardial hypoperfusion, therefore, are important inde•
pendent variables of prognosis in Patients with suspected 
coronary artery disease. 
(J Am Coli CardioI1986j7:464-71) 
than one with multiple regions. Rightly or wrongly, then, 
prognostic utility is being inferred from what we know of 
diagnostic utility. Our purpose was to define the prognostic 
utility of myocardial perfusion scintigraphy in a large cohort 
of patients with suspected coronary artery disease, and to 
develop a practical model to assist the physician in its clin•
ical interpretation. 
Methods 
Patients (Table 1). Between January 1, 1979 and Sep•
tember 30, 1982, 3,155 patients underwent exercise/ 
redistribution thallium myocardial perfusion scintigraphy at 
Cedars-Sinai Medical Center and entered a prospective fol•
low-up program. We excluded 790 patients with a history 
of prior myocardial infarction because such patients are 
known to have a poorer prognosis than those without in•
farction, and because their scintigraphic perfusion pattern 
is materially different (3). We also excluded 464 patients 
who had undergone coronary bypass surgery before initial 
presentation to our laboratory. An additional 122 patients 
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Table 1. Clinical Characteristics of Patients Undergoing Scintigraphy 
Study PatIent; 
Characteristic (n = 1,689) 
Age (yr) 56 ± II 
Sex 
Male 1,137 (67'7<) 
Female 552 (33%) 
Symptom c1as; 
A;ymptomatIc 437 (26%) 
Nonanginal 568 (34%) 
AtYPICal 372 (22%) 
Typical 298 (18%) 
Stress electrocardiography 
Time (min) 9.7 ± 3.6 
Achieved HR (%) 95 ± II 
ST> I mm 851 (50%) 
Cardiac cathetenzatIon 
o vessel CAD 36 (28%) 
I ve"el CAD 32 (25%) 
2 vessel CAD 27 (21%) 
3 vessel CAD 34 (26%) 
CAD = coronary artery disea,e. HR = heart rate. 
were excluded from analysis because they were referred for 
early coronary bypass surgery (within 60 days of testing) 
largely as a result of scintigraphic testing; also excluded 
were 78 patients who were lost to follow-up because of 
geographic relocation and 12 patients who died of noncar•
diac causes. The final study group, therefore, comprised a 
homogeneous subset of 1,689 patients without documented 
coronary artery disease. The majority of these patients were 
referred by their primary care physician because of clinical 
findings suggestive of coronary artery disease. Patients lost 
to follow-up tended to be similar to the study patients, while 
patients referred for early surgery tended to be sicker than 
the study patients. 
Myocardial perfusion scintigraphy. Patients under•
went maximal symptom-limited treadmill exercise testing 
using the Bruce protocol. Beta-adrenergic blocking agents 
were discontinued for at least 24 hours, and long-acting 
nitrates were withheld on the morning of testing. Cuff ar•
terial blood pressure and a 12 lead electrocardiogram were 
obtained every 3 minutes during exercise and every minute 
during recovery. Heart rate and a three lead electrocardio•
gram (Y" Y 5 and a YF) were monitored continuous I y. Ex•
ercise was terminated only for severe chest pain, serious 
ventricular arrhythmia or exercise-induced systolic hypo•
tension. At peak exercise patients were injected with 2 mCi 
of thallium-201; exercise was continued for 60 seconds after 
injection. Scintigraphic imaging was begun 5 minutes after 
exercise (posts tress imaging) and was repeated 3 to 6 hours 
after the injection of thallium (redistribution imaging). Im•
aging was performed in the anterior and 45° and 70° left 
oblique projections with a standard field of view scintillation 
camera equipped with 37 photomultiplier tubes, high res-
Early Surgery Lost to Follow-Up 
(n = 122) (n = 78) 
59 ± II 58 ± II 
102 (84%) 58 (74%) 
20 (16%) 20 (26%) 
26 (21%) 20 (26%) 
14 (12%) 20 (26%) 
24 (20%) 18 (23%) 
58 (48%) 20 (26%) 
76 ± 33 8.5 ± 3.3 
83 ± 13 91 ± 14 
101 (83%) 41 (53%) 
0(0%) 
5 (7%) 
20 (30%) 
42 (63%) 
olution parallel hole collimator and 114 inch (0.63 cm) so•
dium iodide crystal. A 25% energy window centered on the 
80 keY photopeak and a 15% window centered on the 167 
keY photopeak were used. Images were collected for 10 
minutes. 
All images were recorded on Polaroid film for visual 
interpretation by two or more experienced observers with 
no knowledge of clinical history or the results of other tests. 
Each projection was divided into five segments. For each 
segment hypoperfusion was scored in terms of decreased 
scintigraphic activity using a four point ordinal scale (0 = 
no hypoperfusion, 1 = mild hypoperfusion, 2 == moderate 
hypoperfusion and 3 = marked hypoperfusion). Because 
some anatomic locations are represented in more than one 
Figure 1. Thallium scintigraphic scoring. The left ventricle was 
divided into five segments in each of three views. The density was 
assessed visually using a four point scale; 0 = no hypoperfusion, 
I = mild hypoperfusion, 2 = moderate hypoperfusion, 3 = 
marked hypoperfusion. Because of geometric overlap, these 15 
segments were grouped into six analytic regions. Segments a, b, 
k and I formed the anterior location. segments c and m the apical 
location, segments d, e, nand 0 the inferior location, segments f 
and g the septal location, segment h the inferoapex and segments 
i and j the posterolateral location. LAO = left anterior oblique. 
ANTERIOR 45 LAO 70 LAO 
~ V ~ 9 i h 
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of the three projections, the 15 interpretations (three pro•
jections x five segments) were compressed into six regions 
(Fig. I). Whenever the hypoperfusion scores for different 
segments representing the same region were in conflict, the 
one with the largest magnitude was considered to be rep•
resentative of that region. 
Follow-up. Follow-up was performed I year after test•
ing using a scripted telephone interview administered by 
trained personnel. Three outcomes were considered a "car•
diac event": 1) cardiac death (confirmed by review of the 
death certificate and hospital chart); 2) nonfatal myocardial 
infarction (documented by a consistent history. electrocar•
diographic changes and cardiac enzyme elevations, and con•
firmed by hospital chart review); and 3) referral for coronary 
artery bypass surgery more than 60 days after noninvasive 
testing (documented by hospital chart review), considered 
a marker of clinical deterioration. This admittedly soft event 
represents a compromise between including all referrals for 
bypass surgery as events (a liberal approach resulting in 
overestimation of the event rate), and excluding all patients 
referred for bypass surgery (a conservative approach re•
sulting in underestimation of the event rate). The operative 
threshold we employed was determined by retrospective 
chart review. The 60 day threshold provided maximal dis•
crimination between patients with and without clinical de•
terioration (4). Among 97 surgical referrals, only 20 patients 
had documented clinical deterioration between the date of 
their stress test and the date of their surgery; 14 of them 
were referred to surgery more than 60 days after testing 
(70%). In contrast, 77 patients had no clinical deterioration 
between the date of their stress test and the date of their 
surgery; 71 of them were referred for surgery within 60 days 
of stress testing (92%). Despite its obvious limitations, this 
threshold provides a reasonably practical and reproducible 
way to define clinical deterioration, given the degree of 
subjectivity involved in determining the actual reasons for 
surgical referral. 
Definition of scintigraphic indexes. The planar thal•
lium scintigr?m is a two-dimensional (x,y) representation 
of a three-dimensional (x,y,z) phenomenon-myocardial 
perfusion. In this context, one can conceive of hypoper•
fusion being manifest on the planar image in two distinct 
ways: as an area of decreased scintigraphic activity (x,y 
axes) and as a density of decreased activity (z axis). Our 
data analysis, and its subsequent clinical application, are 
based on this conceptualization. Accordingly, some indexes 
(indexes of "extent") better approximate area than density; 
others (indexes of "severity") better approximate density 
than area. Thus, eight scintigraphic indexes were classified 
by their ability to represent extent or severity of hypoper•
fusion, or both. Each of these are listed and defined in Table 
2. The achieved level of stress, a potentially confounding 
variable for the relation between prognosis and myocardial 
hypoperfusion, was estimated in terms of the achieved heart 
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Table 2. Scintigraphic Indexes for the Extent and Severity 
of Hypoperfusion 
Index 
Extent 
Total extent 
Reversible extent 
Coronary pattern 
Severity 
Maximal severity 
Maximal reversibility 
Combined extent and severity 
Summed severity 
Summed reversibility 
Conventional reversibility 
Definition 
Number of fixed or reversibly 
hypoperfused regions at peak stress 
(range 0 to 6). 
Number of hypoperfused regions that 
improve by a score of 1 or more 
with redIstribution. 
Fixed or reversible hypoperfusion 
consistent with left anterior 
descending coronary artery stenosis 
(segments a, b, f, g, k or I as 
defined in Fig. I) or right or 
circumflex coronary artery stenosis 
(segments d, e, i, j, n or 0 as 
defined in Fig. I), or both. 0 = 
none, I = anterior descending, 2 
= right or circumflex, 3 = 
anterior descending and right or 
circumflex (5,6). 
Severity score with the greatest value 
at peak stress (range 0 to 3). 
Greatest change in severity score from 
peak stress to redistribution (range 
o to 3). 
Sum of the severity scores at peak 
stress for all six regions (range 0 to 
18). 
Arithmetic difference in severity score 
between peak stress and 
redistribution summed for all six 
regions (range - 18 to 18). 
Number of regions with a severity 
score greater than I at peak stress 
and less than 2 at redistribution 
(range 0 to 6) (7). 
rate and measured as a percent of the predicted maximal 
heart rate (PMHR) using the following equation: PMHR = 
100 x (achieved heart rate/predicted maximal heart rate), 
where predicted maximal heart rate is estimated as 220 -
age. 
Statistical analysis. The strength of association for each 
of the eight scintigraphic variables relative to subsequent 
coronary events was assessed by univariate chi-square anal•
ysis. Variables were considered to be significant predictors 
of prognosis only ifthe probability (p) value associated with 
the univariate chi-square statistic was less than 0.05. To 
determine which of these significant univariate predictors 
provided prognostic information not provided by the others, 
a stepwise logistic regression analysis was performed (8). 
A new chi-square statistic based on a maximal likelihood 
function was computed for all variables and their cross cor•
relations with other variables. The single term (a variable 
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Figure 2. Relation between coronary event rate and achieved heart 
rate. Each solid circle represents the observed event rate for 5% 
contiguous ranges of achieved heart rate. The vertical lines are 
the standard deviation of each estimate. The solid central line is 
that derived from linear regression by chi-square minimization (9) 
which weights each point relative to its associated standard de•
viation (r = 0.79, P < 0.05). The dashed lines are the bounds 
of a 95% confidence interval for that line. The sample size for 
each data point (n) is noted at the bottom of the figure. Figures 
3 and 4 are organized similarly. 
or a cross correlation) with the lowest probability value 
based on this test statistic was entered into the model. This 
stepwise process was then repeated using the remaining 
terms, terminating only when a predefined threshold for 
inclusion was not attained. So as not to overlook an im•
portant predictor, this threshold was liberally defined at a 
probability of less than O. 1. 
Results 
Clinical outcome. The total coronary event rate was 
4.4% (74 events in 1,689 patients): 12 patients died from 
a cardiac cause, 20 had a nonfatal myocardial infarction and 
Table 3. Univariate Analysis of Scintigraphic Measures 
of Hypoperfusion 
Univariate 
Index Chi-Square Statistic 
Summed severity 114.6 
Conventional reversIbility 110.1 
Summed reversibility 108.7 
Reversible extent 101.4 
Maximal severity 81.7 
Total extent 75.7 
Maximal reversibility 68.9 
Coronary pattern 0.2 
p Value 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
0.896 
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Table 4. Stepwise Logistic Analysis of Indexes Studied 
Index 
Summed severity 
Conventional reversibility 
Summed reversibilIty 
Reversible extent 
Maximal severity 
Total extent 
MaxImal reversibility 
Percent of maXImal heart rate 
*Not significant (p > 0.05) 
Chi-Square Statistic 
0.8 
3.7 
0.1 
64.3 
14.8 
0.3 
0.1 
4.0 
467 
p Value 
* 
* 
* 
<0.001 
<0.001 
* 
* 
0.046 
42 were referred for bypass surgery more than 60 days after 
testing. There were no significant differences in clinical 
characteristics among these three groups. 
Although event rate varied as a continuous inverse func•
tion of achieved stress (Fig. 2), the conventional arbitrary 
threshold of 85% defined 275 patients as being at high risk 
and 1,414 at low risk; the event rate was 9.1 versus 3.5%, 
respectively (p < 0.001). The patients with low achieved 
stress were more often female (45 versus 30%), more com•
monly had a history of typical angina (35 versus 14%) and 
more often experienced chest pain during stress testing (37 
versus 13%). There was no significant difference in the 
distribution of outcome events in these two groups (average: 
death, 16%, infarction, 28% and surgical referral, 56%). 
Scintigraphic analysis. Because the distribution of 
scintigraphic predictors by type of outcome event revealed 
no significant differences (p > 0.2 by analysis of variance), 
the three event groups were pooled for all subsequent anal•
yses. Some scintigraphic abnormality was present in 63 of 
the 74 patients with cardiac events (85% sensitivity), but 
also in 775 of the 1,615 patients without events (52% spec•
ificity). Consequently, the presence of a scintigraphic ab-
Figure 3. Relation between coronary event rate and extent of 
hypoperfusion. Extent of hypoperfusion is estimated as the number 
of hypoperfused regions that reverse by a score of at least I. In 
contrast to the linear correlation of achieved heart rate, reversible 
extent is exponentially related to event rate (r = 0.97, P < 0.(01). 
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Figure 4. Relation between coronary event rate and severity of 
hypoperfusion. Severity is estimated as the maximal severity score. 
This variable is also exponentially related to event rate (r = 0.98, 
P < 0.01) but the magnitude of this relation over the range of the 
variable is less than that for extent (compare the event rate range 
along the y axis to that in Figure 3). 
normality was associated with a fivefold increase in relative 
risk (7.0 versus 1.3%, p < 0.001). 
Each scintigraphic variable except the scintigraphic coro•
nary pattern was a significant univariate predictor of coro•
nary events (Table 3). but when these seven predictors were 
analyzed by stepwise logistic regression, only two-extent 
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of reversibility and maximal severity-were shown to be 
significant (p < 0.1) predictors. Achieved level of stress, 
on the other hand. was an additional significant predictor 
(Table 4). In contrast to the inverse linear relation illustrated 
in Figure 2. the event rate increased as an exponential func•
tion of each of the two scintigraphic variables (Fig. 3 and 
4). No cross correlations were significant. indicating that 
each of the three significant predictors provided prognostic 
information independent of that provided by the others. 
Discussion 
Surprising as it may seem, our study is the first to dem•
onstrate that the extent and severity of myocardial hypo•
perfusion are independent indexes of prognosis in patients 
with suspected coronary artery disease but without myo•
cardial infarction. In fact, this conviction is already so en•
sconced in clinical practice that the editors of a leading 
cardiology journal declined to publish our report on grounds 
that" ... the information is generally known" (Schonfeld 
G, personal communication. 1985). We think this a partic•
ularly sad commentary on the current state of technology 
assessment (10). 
Previous studies. The current widespread use of exer•
cise thallium perfusion scintigraphy for assessing the prog•
nosis in patients with suspected coronary artery disease is 
Table 5. Observed Event Rates by Extent and Severity 
Extent Score 
o 
2 
3 
4 
5 
6 
o 
2 
3 
4 
5 
6 
(21181) 
(5/129) 
(2/37) 
(0/10) 
(0/3) 
(2/36) 
(0/24) 
(1/15) 
(011) 
I.! 
3.8 
5.4 
0.0 
0.0 
5.3 
0.0 
6.7 
0.0 
Severity Score (%) 
2 3 
A. High Stress 
(1/54) 1.9 (317) 42.9 
(2/99) 2.0 (1/10) 10.0 
(7173) 9.6 (118) 12.5 
(6/48) 12.5 (1/8) 12.5 
(2/25) 8.0 (2/5) 40.0 
(2112) 16.7 (1/3) 33.3 
( 112) 50.0 (0/1) 0.0 
B. Low Stress 
(0112) 0.0 (0/2) 0.0 
(4/30) 13.3 (012) 0.0 
(6/23) 26.1 (0/1) 0.0 
(6/24) 25.0 (0/2) 0.0 
(2/11) 18.2 (112) 50.0 
(112) 50.0 
(Ill ) 100.0 
In part A. values in parentheses represent the observed proportion of pahents with a given combination of 
extent/severity scores after exercising to at least 85% of their predicted maximal heart rate. The denominator 
of the fraction is the total number of patients wIth that combinatIon and the numerator is the number with a 
coronary event at ! year. The number adjacent to the parentheses is the 1 year event rate (in percent) for that 
subset. Not tabulated are 689 patients without scintigraphic hypoperfusion; 10 of these patients (1.5%) had a 
coronary event in the year after testing. In part B. values represent those patients who were not able to exercise 
to at least 85% of their predIcted maximal heart rate. Not tabulated are 95 patients without scmtigraphic 
hypoperfusion; I of these patients (1.1 %) had a coronary event in the year after testing. 
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supported by only three published studies (1-3), and each 
differs from the others in several material ways (a fourth 
study [11] cannot be considered because it dealt only with 
the select group of patients having normal scintigrams). 
Smeets et a1. (1) noted the prognostic value of symptom•
limited exercise scintigraphy in 224 patients 3 months after 
myocardial infarction, Twenty cases of new infarction or 
death were observed during a follow-up interval averaging 
1.3 years (an average event rate of 6.9% per year). Gibson 
et a1. (2) evaluated instead the prognostic utility of low level 
exercise thallium scintigraphy in 140 patients studied ap•
proximately 2 weeks after acute myocardial infarction. Six•
teen cases of new infarction or cardiac death were observed 
during a follow-up interval of 1.3 years (an average event 
rate of 8.8% per year). In contrast, Brown et al. (3) eval•
uated a population of patients presenting for the evaluation 
of chest pain, using symptom-limited exercise; only 100 of 
these patients were similar to our own in that they had no 
known prior myocardial infarction. Only six cases of new 
A 
EVENT RATE 
(%) 
"SEVERITY" 
B 
EVENT RATE 
(%) 
"SEVERITY" 
o 
' .. ;.:' 
o 
1 
1 
2 3 4 
"EXTENT" 
234 
"EXTENT" 
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infarction or cardiac death were observed during a follow•
up interval of 3.8 years in this subgroup (an average event 
rate of 1.6% per year). Unlike our study, however, the only 
scintigraphic variables assessed were the number of revers•
ible defects (which these authors termed "transient")' the 
total number of defects (fixed or reversible) and pulmonary 
thallium activity. Although the extent of hypoperfusion (that 
is, the number of reversible defects) correlated best with 
outcome, patients were not stratified in terms of the severity 
of the perfusion defect or the achieved level of stress. 
A practical analytic model. Although multivariate 
analysis such as that employed by Brown et al. (13) is 
capable of identifying the significant prognostic indexes, it 
does not necessarily imply their independence or the manner 
by which they should be integrated into a prognostic model. 
In our study, two scintigraphic variables provided significant 
independent prognostic information: the maximal severity 
of hypoperfusion and the extent of reversibility. This allows 
us to define a prognostic model that employs these variables 
5 
5 
6 
6 
Figure 5. Combined effect of extent and severity 
of hypoperfusion on coronary event rate in the 1,414 
patients who were able to exercise to at least 85% 
(average 99%) of maximal heart rate (A), and the 
275 patients who were not able to achieve 85% 
(average 76%) of maximal heart rate (B). The graph 
was generated using multiple linear regression of 
the logistically transformed event rates (weighted 
for different sample size by their standard devia•
tions) shown in Table 5. In each case, event rate 
rises as a curvilinear function of extent and severity. 
There is at least a threefold increase in event rate 
for the latter group (B) in comparison with the for•
mer group (A) (note that the event rate axis for B 
is half that of A). 
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as proxies for the orthogonal concepts of extent and severity. 
The data on which this model is based are summarized in 
Table 5. According to this model, coronary event rate in•
creases as a multivariate function of both the extent of re•
versible hypoperfusion and the maximal severity of hypo•
perfusion. Because the scintigraphic pattern of myocardial 
hypoperfusion varies with the level of exercise (12,13), the 
achieved level of stress was an additional important pre•
dictor of outcome (14). In fact, regardless of the level of 
myocardial hypoperfusion, the lower the achieved level of 
stress, the higher was the subsequent event rate (Fig. 5). 
According to our model, then, the effective prognostic inter•
pretation of scintigraphic hypoperfusion requires consider•
ation of the achieved heart rate. 
For example, a patient who exercises to at least 85% of 
his predicted maximal heart rate and who has an extent score 
of three and a severity score of two has an expected event 
rate of 5.7%. This rate increases to 6.4% if extent increases 
by one segment and to 17.1 % if severity increases to three. 
The same defect in a low level of stress patient has an 
expected event rate of 23.7%. Patients with normal scin•
tigrams, at any level of stress, have predicted event rates 
less than 1.2% (high level of stress 0.3%, low level of stress 
1.1%). 
The design of our model was initially dictated by the 
geometric constraints associated with the clinical assessment 
of myocardial hypoperfusion (a two-dimensional represen•
tation of a three-dimensional process). The concept of extent 
and severity as orthogonal indexes, however, is very gen•
eral. Thus, the model may be applicable to other diagnostic 
tests such as stress electrocardiography (number of electro•
cardiographic leads with ST depression versus magnitude 
of ST depression) and radionuclide ventriculography (num•
ber of dyskinetic segments versus magnitude of dyskinesia), 
the results of which can be framed in a similar manner. 
Technical limitations. Exercise thallium scintigraphy 
has undergone a number of technical refinements since its 
introduction into our laboratory in 1977. Perhaps the most 
significant of these is that of quantitative scintigraphic anal•
ysis (15-17), a method that is capable of measuring isotope 
washout, a sensitive index not appreciated by visual analysis 
(18,19). Also, we now employ a tomographic imaging tech•
nique (20-22). These improvements in method are not re•
flected in the current implementation of our model. Finally, 
we now routinely analyze two additional correlates of an•
atomically severe disease that were not considered in this 
study: degree of pulmonary thallium washout (23-26) and 
transient ischemic dilation of the left ventricle immediately 
after exercise (27). 
Statistical limitations. In some cases, the event rates 
predicted by our model were based on relatively small sam•
ples. Only two patients, for example, had maximal values 
of the extent and severity indexes (Table 5), and the con•
fidence interval associated with the predicted event rate is 
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correspondingly wide. Until a larger empiric data base is 
available, then, we remain uncertain how well these event 
rates characterize a particular individual patient. 
Practical limitations. Even if precise estimates of con•
fidence were available, however. myocardial perfusion still 
should not be assessed in isolation, Because other clinical 
(that is, historical, physiologic and electrocardiographic) 
measures also relate to outcome, the optimal approach to 
prognosis would integrate these measures (28) and consider 
the incremental prognostic value and cost effectiveness of 
a procedure. 
Conclusions. Our study indicates that the extent, se•
verity and reversibility of myocardial hypoperfusion are all 
important independent prognostic measures, By considering 
only these variables, one can develop a simple clinical model 
by which the coronary event rate is predicted to range over 
two orders of magnitude-from a low of 0.4% to a high of 
78%, These predictions could be further improved, how•
ever, by their integration with more conventional factors 
derived from the clinical history and exercise electro•
cardiography, 
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